generally possess a satellite. In the last named type, H, the terminal segment is quite pronounced, at least of the length of the chromosome width or even more, and in most species this segment is connected with a satellite.
In all species the F-type appeared to, be of the same form, with exception of minor length variations. Secondary constrictions could be observed in the different chromosome-types. They were, however, not well marked enough and could not be placed with such an accuracy that it had allowed their use for an exact chromosome analysis. A somatic chromosome plate of C. viticella is given in fig. 1 . The primary constriction is almost median in the chromosome-types A, B and E, whereas in the chromosomes of C and D types it is more submedian.
The and the connecting thread shorter than was the case in C. viticella. The H chromosome in its turn has no satellite at all ( fig. 2 ). In the hybrid between these species, C. eriostemon, ( All other chromosome types are too similar in both parent species to be recognized in the hybrid.
In the same way in C. jackmani, a hybrid between C. viticella and C. lanuginosa, the six first chromosome-types are quite identical with the corresponding ones in the species already described. On the other hand the G chromosome pair is hetero morphic, one of them is a SAT-chromo some and obviously it thus comes from the C. viticella parent, the other lacks the satellite ( fig. 4) 
Observations from the Reduction Divisions
During the reduction divisions in ten of the Clematis species studied a varying amount of irregularities could be seen. The most conspicuous feature was the frequent appearance of chromatid bridges, and fragments at the anaphases of both divisions. The origin of such bridges and fragments was first cytologically analysed by McClintock ('33) in maize. According to her the plant studied was an inversion heterozygote, and a crossing-over in the inversion region had resulted in a formation of dicentric and acentric chro matids i.e. chromatid bridges and fragments at the anaphases of the reduction divisions. Later the theory has been developed further by several investigators (Smith, '35; Richardson, '36; Frankel, '37; Darlington, '37; Upcott, '37; Philp, '38; a. o.) . Both the number of chiasmata in the inversion itself and those proximal to it, influence the occurence of such configurations.
Structural hybridity has been found very rarely in the family Ranunculaceae.
With exception of a few Paeonia species (Hicks and Stebbins, '34; Dark, '36; Sax, '37) in none of the other genera any thing has been observed which would indicate structural changes in their chromosome complements.
On the other hand, of the Clematis species here studied the following ones were structural hybrids: C . integrifolia, C. texensis, C. fusca, C. heracleifolia var . davidiana, C. viticella, C. lasiantha, C. vitalba, C. jackmani, C. Ville de Lyon and C. Hybrida. The dyscentric changes were most characteristic during the anaphase where the previous crossing-over in the inversion region revealed itself, as general, in the formation of dicentric and acentric chromatids.
Of their form in Clematis it is impossible to decide in which special chromosome pair and where the inversion in every case had taken place. This is partly due to the uniformity of the Clematis chromosomes and may partly depend on the fixation . In every species there naturally must be at least as many inversions as the maximal number of first division bridges per cell indicates .
In C. viticella about 13% of the first division anaphases contain ed bridges, but only one in every cell . Of the eight chromosome pairs in C. Ville de Lyon at least five must contain an inversion ( fig . 10 ).
Here the number of bridges at the first division anaphases amounted to about 64%.
Again in C . jackmani only relatively few bridges were present.
In about 200 first division anaphases studied , only three cells with one chromatid bridge were found ( fig. 11 ) . This may depend of the fact that a relatively high number of chromosomes normally will be found unconjucated . Therefore configurations in dicating inversions may appear in a smaller number than their actual amount would require. Mostly the bridges break already during the first division as in the fig. 10 .
Two of the bridges are here thus broken and also in others a thinner region forestalls apparently the later point of breakage.
Only in rare cases the bridge may persist and still be present at the second division. The acentric fragments are mostly left in the plasma and will later on most probably be absorbed. Sometimes however, they will be seen still at the second division. In most of the Clematis species studied a rather high number of univalents is to be found.
This feature is characteristic for struc tural hybrids, while long inversions especially may easily prevent chromosome conjugation (comp. Frankel, '37). The univalents divide generally during the first division but are retarded in their movements compared with the bivalents.
At the late anaphase lag ging univalents therefore are frequently met in the neighbourhood of the equatorial plate ( fig. 12 ). The number of univalents is much higher in C. jackmani than in others, evidently depending on the nonhomology of its chromosome sets. Fig. 12 illustrates one cell where three divided and one already split univalent and a, lagging bivalent chromosome are present.
The split and divided univalents generally will not reach the daughter nuclei in time. They are then left in the plasma where they may form small nuclei of their own and later on microcytes.
During the second division the already divided univalents do not split another time.
Also in the second division spindles several species show chro matid bridges.
In species with pronounced structural hybridity, as for instance C. Ville de Lyon, the second division is very irregular. In many cells it looks almost as if the chromosomes would be scattered without any order at all throughout the cell. In the figure reproduced ( fig. 13 ) a rather rare second division double bridge is pictured. Evidently it has arisen through the simultaneous occurrence of two complementary chiasmata in the inversion and one disparate chiasma proximal to it. In the left hand spindle the dark body represents the acentric fragment.
The tetrads are in consequence mostly ab normal, containing more or less than four cells.
Due to the irregularity of the reduction divisions the pollen of the different Clematis species is more or less poor. The pollen of C. jackmani and of C. Ville de Lyon is morphologically rudimentary and does not germinate.
The pollen of the other species here treated with appears to be good, with the exception of a few missformed cells. The following germination percentages were obtained: C. viticella 25%, C. fusca 64%, and C. integrifolia 10%
The pollen of C. heracleifolia var. davidiana did not germinate at all, although its outlook was relatively normal.
Discussion
On the ground of its basic chromosome number, n=8, the genus Clematis is a typical representative of the family Ranunculaceae. It seems however, that polyploidy is less common, at least according to this investigation, than in the other genera of the family.
Only in the group Rectae two polyploid species, C. mandschurica and C.
paniculata have been found. The analysed somatic chromosome com plements of 22 different species, horticultural forms and hybrids, belonging to eight different under groups, are surprisingly uniform. Compared with the genus Ranunculus, where two morphologically so closely related species as for instance R. lapponicus and R. pygniaeus reveal quite differently built chromosome sets (Flovik, '36) , it is the more apparent.
The form and size of the chromosomes are to be held as much more important taxonomic chracters than their number (Langlet, '32) . If the karyotypes of two families or species closely resemble each other, we are justified to consider them systematically more related than the other characteristics would allow and vice versa. It should, however, be remembered that these characters, as well as all other ones, "-in verschiedenen Fallen and an verschiedenen Stellen des Systems von verschiedener Tragweite sind, wobei sie immer im Zusammenhang mit anderen systematischen Kriterien angewandt werden mussen" (Lewitsky and Tron, '30, p. 773) .
A theory has been put forth by Babcock, Stebbins and Jenkins ('37) , that inside a plant family the more primitive species belonging even to different genera often resemble in regard to the form and size of their chromosomes each other in a high degree. Contrary to that the more advanced froms show by compairing their chromosome complements dissimilarity also inside one and the same subgenus. The findings in the genus Clematis are quite opposed to this view. It is to be remembered that this genus is considered as one of the most developed in the family (Prantl, '88) , and yet the chromosome com plements in the different species are very uniform.
The changes in karyotypes are according to Sharp ('34) assumed to result from fragmentations and translocations. He observes, that in originally unlike chromosome complements such evolutionary changes may reduce this dissimilarity.
It implies that "-the same general karyo type may characterize species which are morphologically very unlike" (Sharp, l. c. p. 131).
It seems, however, very unlikely that the aforesaid changes could produce so close a resemblance as we meet between the chromosome complements inside the genus Clematis. Further the karyotypes reveal here no parallelism with the systematic classification.
Species belonging to quite different groups may have very similar sets, whereas in nearly related forms the chromosomes of G-and H-types may differ. In this connection it may be emphasized that C. alpina in respect to its chromosome morphology clearly be longs to the genus Clematis, so that there seems to be no reason to separate it to a genus of its own, i.e. Atragene.
More than two hundred representatives of the family Ranuncul aceae have been studied by Langlet ('32) with the purpose to in vestigate the relationship between the taxonomy and cytology in this family. According to his opinion there exist indeed such a state of things.
Two different karyotypes could thus be distinguished, the R (anunculus) -type and the T (alictrum) -type, every genus in its 10 O.
MEURMAN and E. THERMAN
Cytologia 10 entirety representing either of these. The R-type species were characterized by long, wound or strongly bent chromosomes, the T type in itss turn possesses relatively small and less bent chromosomes. Obviously the Clematis species belong to the R-type where they also are counted by Langlet (l. c.) .
His supposition, however, that the basic chromosome number in this genus would be four, cannot be valid. There is namely no possibility to arrange the different chro mosome-types into four groups so that they at least in their general outlook would be comparable.
In all Clematis species studied, at least one pair of satellite bearing chromosomes are present.
The connecting thread seems to be the only visible constriction in the G chromosomes of C. viticella type. It would be thus the primary one. The primary constric tion cannot, however, be identical with the satellite tread accord ing to Delaunay ('29) .
In this case also we have to assume, that the thread is connected to a short chromosome segment, which, however, is so small that it is practically invisible.
The same situation is met with most probably in the G chromosomes of C. jackmani and C. Ville de Lyon, and in the H chromosome of C. campaniflora.
The seemingly terminal constriction here evidently must be utmost sub terminal (Darlington, '37) . The tandem-satellites discovered in C. Prins Hendrik are of rare occurrence.
Previously such ones have been observed in Aucuba (Meurman, '29) and in Paris japonica (Haga, '34) .
In several instances there have been found heteromorphic chro mosome pairs in Clematis. We refer to the G pair of C. jackmani, C. Ville de Lyon and C. Prins Hendrik and to the H pair of the two last named ones, C. eriostemon and C. campaniflora. This phenomenon is held by Lesley and Lesley ('35) as especially characteristic for the satellite chromosomes.
In fact heteromorphy has been described more commonly in this type of chromosomes than in others (comp. Okuno, '37 in Lobelia; Sato, '37 in Galanthus, a. s. o.) . Still it could be thought that this would only depend on the fact, that already minor changes in the size of the satellites are more easily detectable than similar small diversities in other chromosome segments.
The question is further closely combined with the theory of amphiplasty (Navashin, '27; Babcock and Navashin, '30) .
By crossing Crepis species Navashin (l. c.) observed in the hydrids, that in several cases the satellite of a certain chromosome had disappeared. This phenomenon was quite characteristic and constantly observed. It occurred always in the same chromosome in analogous crosses but in other hybrids in different chromosomes.
In plants where amphi plasty had been established not one normal plate could be found not 1939 Studies on the chromosome morphology and structural hybridity etc . 11 even by the most careful investigation. Apparently this explanation could be considered as probable also in the case of C. jackmani, where the satellite had disappeared from one of the parental H chromo somes. It may be stressed, however, that in one metaphase plate ( fig. 4 ) a distinct satellite was present in the H chromosome in question.
Here we thus should meet a case of "-eine Restitution der normalen Structur-" (Navashin, l. c.), a situation so far never observed in Crepis.
The aforesaid satellite in the H chromosome could not have escaped discovery in the other plates studied, as a special attention was paid to it and a number of good plates were available in the material.
The relation between the structural changes and the fertility of the plants is most interesting.
The question has been dealt with in some length by Upcott ('37) . She has pointed out that the amount of structural hybridity and fertility of the pollen are in a reversed relation to each other in tulips.
Plants showing a high amount of structural changes could therefore be propagated only asexually as clones.
The author says (l. c. p. 393):"Thus we find throughout the genus, in diploids, triploids, and tetraploids, that the presence of a large number of structural differences is associated with sterility, and may perhaps conclude that this sterility, determined in the first instance by structural differences, itself favours their further accumu lation."
In Clematis species studied in this respect we find quite the same relation, which is to be seen in the table below: maiidschurica in accordance to the allopolyploid tulip species the reduction division is normal and the species quite fertile.
The other Clematis species stand in their relative fertility between these extremes.
In the foregoing the investigation by Polivkova ('36) of the reduction divisions in the P. M. C. and E. M. C. of C. jackmani has been mentioned.
In this study a special attention is given to the chiasmata and the crossing-over phenomenon.
She declares that the bivalents gain during the conjugation a typical form which is characteristic and constant for every one of them. Further, of the eight bivalent present only five show crossing-over.
Although our study of the reduction division in Clematis is made chiefly with other subjects in mind, we wish to make certain critical remarks against her state ments. So for instance in our material the form and build up of the bivalents at the metaphase is not a constant one. The opinion of the author, that there should be special genetical factors which would restrict the crossing-overs to quite definite places in the chromosomes seems not to be founded upon real facts. In C. jackman it cannot be a question of localised chiasmata in the sense of that f. i. stated in Oen.othera (Darlington, '37) . That three bivalents would be formed without any crossing-over at all is equally improbable.
The generally accepted view is namely that the whole chromosome conjugation just depends of the crossing-over in the chiasmata (Darlington, l. c.) . It may also be pointed out, that the figures reproduced are not convincing enough to admit so far reaching conclusions.
Curiously enough Polivkova has not observed anything of the very pronounced irregularities which prevail in the reduction divisions of C. jackmani. In fact, the occurrence of bridges in a few P.M.C. indicates that the crossing-over here has taken place in the inversion region, whereas in the majority of cases it has occurred in other regions. Already this proves that the crossing-over does not always happen in the same prefixed place in the chromosomes of Clematis.
Summary
In the present study the chromosome number of 25 Clematis species, hybrids and horticultural forms is given. One of them was tetraploid, 2n=32, one hexaploid, 2n=48, and the rest diploids with 2n=16.
The karyotypes of twenty-two of these Clematis forms were analysed more or less in detail, and it was found that the diploid chromosome complements were in every case very uniform.
In all of them the following chromosome-types could be distinguished: five 1939 Studies on the chromosome morphology and structural hybridity etc. 13 pairs of V-formed chromosomes viz. A, B, C, D, and E, the subter minally constricted F pair and the G and H pairs with an almost terminal constriction. The two lastnamed ones being generally pro vided with a satellite.
In the tetraploid C. mandschurica and the hexaploid C. pauiculata a corresponding number of different types was present.
In five plants the satellite chromosomes were heteromorphic, and indication of amphiplasty was observed.
Ten of the Clematis forms studied were inversion heterozygotes is respect to one or more inversions.
In consequence hereof during the reduction divisions chromatid bridges, fragments and other ir regularities, as for instance univalents and lagging chromosomes, appeared.
A special attention was paid to the relation between the struc tural changes and the fertility of the plant. It could. be stated, that in forms with a pronounced structural hybridity the pollen was bad and that these forms therefore could be propagated only asexually. The amount of such chromosomal alterations and the grade of fertility are in Clematis, comparably to that in tulips, in a reversed relationship to each other.
